INTRODUCTION
============

Arteriovenous fistulas (AVFs) lead to abnormal shunting of blood between the arterial and venous systems and lack a normal, intervening capillary bed.[@B2] AVF management frequently includes endovascular, surgical, and radiosurgical treatment, either alone or in combination.[@B13] Currently, the primary treatment usually involves endovascular techniques, allowing for both arterial and venous access to the site of the fistulous connection. Such techniques are preferred because of their ability to directly catheterize the lesion and place embolic material directly at the site of the abnormal arteriovenous connection.[@B2][@B12] Most AVFs can be successfully and safely managed with endovascular techniques.[@B12]

Transarterial Onyx (ev3, Irvine, CA, USA) embolization is an established method of AVF treatment.[@B3][@B12][@B15] Several cases describing transarterial Onyx embolization of AVFs have been published, each exhibiting low rates of postoperative complications.[@B8][@B9][@B12][@B13][@B14][@B16][@B18] The most common types of neuropathy that can occur after Onyx embolization include facial nerve palsy and trigeminal neuralgia.[@B14] However, the mechanisms underlying these neuropathies are not well described.[@B4]

Here we report two cases of transient cranial injury after Onyx embolization, both of which spontaneously resolved within several months.

This case report followed the guidelines of the Declaration of Helsinki for studies involving humans.

CASE REPORT
===========

Case 1
------

A 55-year-old female patient was admitted to our hospital because of diplopia and left eye pulsatile sensation. Magnetic resonance imaging (MRI) at presentation revealed a vascular malformation. Angiography confirmed a carotid-cavernous fistula (CCF) supply arising from the bilateral deep temporal arteries. On June 18, 2015, the patient underwent a transarterial approach involving the left external carotid artery (ECA). Multiple ECA branches were embolized using 1 mL ethyl vinyl alcohol (ev3 Onyx 18). No specific finding was noted during the procedure, but the patient complained of temporary facial numbness after the surgery. On July 2, 2015, Onyx embolization was performed on the right CCF ([Fig. 1](#F1){ref-type="fig"}). No specific finding was noted during the procedure, but on the following day, third nerve palsy and facial numbness were observed ([Fig. 2](#F2){ref-type="fig"}). She was discharged after initiating the steroid treatment. Her third nerve palsy recovered partially 2 months after discharge and completely 7 months after discharge.

Case 2
------

A 51-year-old male patient was admitted to our hospital because of right pulsatile tinnitus. Computed tomography and MRI obtained during work-up suggested the presence of an AVF. AVF arising from the right posterior auricular artery and right occipital artery was detected on angiography. Transarterial approach involving the right ECA was employed, and the right ascending pharyngeal artery was embolized using ethyl vinyl alcohol (ev3 Onyx 18) ([Fig. 3](#F3){ref-type="fig"}). No specific finding was noted during the procedure. On the following day, right facial nerve palsy symptoms appeared (House-Brackmann GV) ([Fig. 4](#F4){ref-type="fig"}), and the patient was placed on steroid therapy. His facial nerve palsy (House-Brackmann GII) recovered partially 2 months after discharge and completely 3 months after discharge.

DISCUSSION
==========

Here we report one case of transient facial nerve palsy and one of oculomotor nerve palsy, which occurred after transarterial Onyx embolization of arteriovenous shunting lesions. These symptoms naturally resolved over the ensuing months.

Many hospitals use endovascular treatments for AVF as a first-line treatment to reduce the risk of intracerebral hemorrhage (ICH) by eliminating direct cortical venous drainage.[@B13][@B16] In the past, surgical treatments were popularly performed for treating vascular malformations, and endovascular treatments were performed using the transvenous technique. Recently, transarterial techniques are widely used to treat vascular malformations because of the development of liquid embolizates, such as Onyx.[@B16]

Onyx is a biocompatible non-adhesive liquid embolic agent comprising 20% ethylene vinyl alcohol copolymer and dimethyl sulfoxide (DMSO) solvent added to micronized tantalum powder, a high-molecular weight metal that renders the solution radiopaque.[@B17] The polymer concentration of Onyx is higher than that of other liquid embolizates, resulting in a higher viscosity. This reduces thromboembolic events by reducing the likelihood of reflux to parent vessels.[@B17] Because of these advantages, Teufack et al. and Weber et al. used Onyx to treat a giant aneurysm.[@B19]

Despite these advantages, it is known that complications, such as microcatheter gluing, pulmonary and cardiac Onyx migration, reflexive bradyarrhythmia, cranial nerve damage, cerebellar infarction, hallucinations, and jaw pain may occur during Onyx transarterial embolization.[@B12]

The pathogenesis of cranial nerve palsy following Onyx embolization is not clear, but several hypotheses have been proposed. Lv et al.[@B12] has argued that although the Onyx material refluxes into the middle meningeal artery, occlusion occurs in the vasa nervorum, such as cavernous branch and petrosal branch, causing trigeminal and facial nerve deficits. Therefore, he recommended caution regarding Onyx reflux to the level of the foramen spinosum when using the transarterial technique. In addition, the direct toxic effects of DMSO may be related to cranial nerve palsy,[@B5] but it is presumed that the highest concentration of DMSO is microcatheter tip, which is less likely to have a difference in location from the cranial nerve injury site.[@B14] Direct axonotmetic injury can also potentially occur when the microcatheter is pulled from the Onyx cast during microcatheter retraction.[@B14] The onset of cranial nerve palsy after onyx embolization is a time-consuming procedure that can be used to support the axonometric injury rather than the direct toxic effect of DMSO.[@B7][@B14] Axonotmesis is a well-known sequela of traction nerve injury.[@B6][@B11][@B14] Reports and studies on cranial nerve palsy occurring after transarterial Onyx embolization have not yet clearly identified the causative mechanisms.

Kupfer et al. reported facial nerve palsy after transarterial Onyx embolization in patients with DAVF,[@B10] in whom complications resulted from Onyx reflux into the vasa nervorum.[@B10] In the study by Nyberg et al, transarterial Onyx embolization was performed on patients with DAVF and arteriovenous malformations and facial nerve palsy and trigeminal nerve mandibular segment (V3) neuralgia were present in all patients.[@B14] In their study, microcatheter retraction from Onyx casts was identified to cause symptoms through axonotmetic injury.[@B14] Abud et al. reported four cases of cranial neuropathy, two of facial nerve palsy, and two of trigeminal neuralgia.[@B1] Although the mechanisms of injury in their study were unclear, the authors reported that middle meningeal artery reflux[@B1] cuased the onyx material. In the above cases, symptoms improved spontaneously.[@B1][@B10][@B14]

These studies, including our cases, demonstrate the risk of Onyx reflux while performing transarterial Onyx embolization near cranial nerve areas. We should be careful to minimize the Onyx cast on the microcatheter tip to reduce the potential for cranial nerve injury during catheter retraction. Nevertheless, if cranial palsy occurs after Onyx embolization, conservative treatment is indicated in most cases because typically, symptoms spontaneously improve within a few months.

CONCLUSION
==========

AVF is a relatively rare vascular lesion requiring considerable treatment if accompanied by other symptoms. Transarterial Onyx embolization is a relatively safe treatment for AVF; however, it can lead to complications, such as facial or oculomotor nerve palsy. These complications are likely due to axonotmetic injury, but neurointerventionists and patients should be aware that spontaneous recovery of nerve function is likely.

**Disclosure:** The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this paper.

![Endovascular embolization by Onyx. (A, B) Preoperative left external carotid artery images (antero-posterior view, lateral view); (C, D) postoperative left external carotid artery images (antero-posterior view, lateral view). After Onyx embolization, carotid-cavernous fistula flow through the right external carotid artery disappears.](jcen-19-189-g001){#F1}

![Postoperative right oculomotor nerve function test. (A) Frontal gaze; (B) lateral gaze; (C) medial gaze; (D) ptosis in the neutral position.](jcen-19-189-g002){#F2}

![Endovascular embolization by Onyx. (A, B) Preoperative right external carotid artery images (antero-posterior view, lateral view); (C, D) postoperative right external carotid artery images (antero-posterior view, lateral view). After Onyx embolization, arteriovenous fistula flow through the left external carotid artery disappears.](jcen-19-189-g003){#F3}
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